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FOREWORD 
The special investigation on growth and development is a coop-
operative enterprise in which the departments of Animal Husbandry. 
Dairy Husbandry. Agricultural Chemistry. and Poultry Husbandry 
have each contributed a substantial part. The parts for the investiga_ 
tion in the beginning were inaugurated by a committee including A. C. 
Ragsdale, E. A. Trowbridge, H. L. Kempster, A. G. Hog,an, and 
F. B. Mumford. Samuel Brody served as Chairman of this committee 
and has been chiefly responsible for the execution of the plans, inter-
pretation of results and the preparation of the publications resulting 
from this enterprise. 
E. A. TROWBRIDGE 
Director Agricultural Experiment Station 
Abstract and Summary 
Data are presented on growth, oxygen consumption, and ventila-
tion rate in Hereford cattle (females and steers). These beef cattle 
data are compared with dairy cattle data. 
The outstanding feature in the growth curves is the steady in_ 
crease in body weight of a steer up to the end of 4 years, when he 
Weighed over 2000 Ibs. The weights of the females were less than 
half that of the steer weights. The females virtually attained their 
mature weight &t about 2 years of age whereas the steer continued 
gaining steadily until 4 years of age, after which he made slower 
gains to 6 years. 
The metabolism increases with the 0.6 power of body weight, as 
does surface area, but the ventilation rate increases with the 1.0 power 
of body weight. The oxygen removal from the inhaled air is about 
4% at 100 Ibs. live weight and 2% at 1000 lbs. Jive weight. 
These results on oxygen consumption, heat production and in-
directly water vaporization should be of interest to animal husband-
men, students of energy metabolism, nutr ition, and to ventilating and 
air-eonditioning engineers. 
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The present report on beef cattle is similar in purposes and 
manner of preSentation to those previously published on dairy cattle 
(Res. Buls. 335 and 350), swine (Res. Bu!. 380). horses (Res. Bu!. 
368), and other species, all recently summarized in book form. ' 
As before, "resting metabolism" refers to the r ate of oxygen 
consumption of animals resting in the normal lying position, just 
before the morning feeding, 'about eight hours after the usual pre-
ceding evening feeding. No preea.utions were taken to keep animals 
from getting any feed during the preceding night. 
The measurements were made under the usual condition~ pre-
vailing in good Missouri beef-cattle barns which are rather warm 
in the summer and cool in the winter. We do not think that this 
seasonal range in barn temperature (950 F. to freezing) influenced 
the rate of the resting oxygen consumption, although it did influence 
greatly the respiration rate and the pulmonary ventilation rate. 
This difference in the relative influence of temperature on 
metabolic and ventilation rates may explain the difference in the 
standard error of estimates, S" which is about 10% for the metabolic 
rate and 20% for the ventilation rate (see Figs. 4 and 5) . The 
variability of the data for ventilation rate in such slightly sweating 
species as cattle is approximately double that of the metabolic rate 
because ventilation rate serves two purposes: (1) to regulate the 
oxygen supply and carbon dioxide removal associated with the energy 
metabolism, and (2) to regulate the body temperature. Change in 
respiration rate is change in rate of air movement (fanning) over 
the tongue and other moist surfaces, and therefore change in moisture 
vaporization; and moisture vaporization is the only means of cooling 
the body in a hot atmosphere. 
The "basal metabolism" was obtained by measuring the oxygen 
consumption of the resting animals at frequent intervals after feed-
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lng until it became roughly constant, that is until after the "specific 
dynamic effect" was eliminated. This occurred about two days after 
feeding 8S indicated in Fig. 1. 
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Results 
The animals, ali Herefords, Sfe listed in Table 1. Special atten-
tion was given to Steer 815, named "Cap", a clumsy but intelligent 
and amiable giant, who ended his career in the usual manner of steera 
but at the unusual are of 6 yearS when he weighed considerably over 
• ton. Fig. 2 is a photograph of "Cap" in his favorite pose. demon-
auatin&' how 8 model subject should behave when having his "basal" 
taken. 
Fig. 8 shows "Cap's" age curve of growth in weight (see also 
Table 2). Also shown, by way of comparison is the average curve of 
the Hereford females; the individual curve of the Hereford females 
(Flg. Sa) ; and curVes of the four major breeds of dairy cattle (Fia'. S). 
The CUl"\'es for the COWl flattened out by Ige 2 years, but "Cap" kept 
on gaining weight until, at lea.st, " years of .ge. 
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TABLE 2. -- GROWTH IN WEIGHT OF HEREFORD CATTLE 
~+curnll 
see Fig. 3:1.. 
It would be interesting to have similar growth data, on weight 
(together with linear measurements) on normal males. Castration 
may have been partly responsible for the continuous gains, to a large 
extent in fat. It is generally known' that the growth curves of 
animals, and also of plants, are made up of two major segments, 
the first of increasing slope and the second of decreasing slope; and 
that the junction between the two segments, or the major inflection, 
in the curve occurs during puberty in animals and flowering in plants. 
Removing the flowers in tomato plants, for example, eliminates or 
delays greatly the major inflection, so that the plant goes right on 
growing. It is possible that removing the gonads in animals may 
perhaps similarly delay ossification, that is delay the advent of the 
major inflection in the growth curve. It certainly increases the 
tendency to fattening. 
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Figs. 4 and 5 and Tables 3 and 4 show, respectively, the functional 
relation between metabolism (oxygen consumption) and body weight, 
and between pulmonary ventilation rate (air inhaled or exhaled per 
minute) and body weight. The metabolie rate is seen to increase 
with approximately the 0.6 power of body weight, i.e., doubling body 
weight does not double the metabolism but increases it only about 
60%. (The surface area in the species also increases with approxi-
mately the 0.6 power of body weight.) The ventilation rate, on the 
other hand, increases directly with body weight, the exponent in Fig, 5 
being 0.99, virtual unity; doubling body weight doubles the ventila-
t ion rate. 
Since the oxygen eonsumption increases with the 0.6 power of 
body weight while the ventilation rate increases with the 1.0 power, 
it follows that the amount of oxygen removed from the inhaled air 
decreases with increasing body weight. This is shown in the last 
column of Tables 3 and 4. The ratio of oxygen consumed to air 
inhaled is about 4% at 100 Ibs. body weight and less than 2 '70 at 
1000 lbs. body weight. One may say that the efficiency of oxygen 
utilization is reduced with increasing bod:v weight. 
Fig. 4 (see Tables 3 to 5) represents the energy metabolism of 
the steers and cows. The differences .are not great. At about 6 
months of age, the resting metabolism level is the same for steers 
and cows, about 31 Calories per kilogram per day or 2300 Calories 
per square meter per day (Tables 4 and 5). Following this ag!l, 
the steers tend to have a lower metabolism than the cows-which is 
not unexpected. The differences in the slopes and levels between the 
curves for cows and steers were found to be significant when tested 
statistically. The "basal metabolism" of the cows is between 1500 
and 1600 Calories per square meter per day (Tables 4 and 5), quite 
similar to the data reported by Benedict and Ritzman, Mitchell, and 
others.' In all cases, the metabolism in the cattle, like the surface 
a rea, tends to vary with, gpproximately, the 0.6 power of body weight, 
rather 'than with the 0.67 or 0.73 power of weight as previously 
supposed.' 
Fig. 5 (see Tables 3 and 4) represents the resting ventilation 
rate of the cows and steers. The ventilation rate of steers is below 
that in Qle cows, and this difference in slope, when tested st-atistieally, 
was found to be not significant. 
Figs. 6 and 7 represent respectively the heat production and 
ventilation rate of "Cap" alone. As for the other animals, the metab-
olism of "Cap" increases with, approximately, the 0.6 power of body 
weight and the ventilation rate with the 1.0 power of body weight. 
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APPROXIMATE AG~ MONTHS 
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Fig. 8 compares the resting metabolism and ventilation rate of 
the beef and dairy eows and of "Cap" (Steer 815). At the lower 
weights the dairy cattle have the lower metabolism ; at the higher 
weights the beef cattle have the lower metabolism. The opposite 
appean to hold for ventilation rate, but the differences are not great. 
The eurve tor the batal metabolism of mature animals of different 
species' ill also here sbown for eomparison. 
TABLE 3. -- PREDICTION TABLE FOR RESTING ENERGY MAINTENANCE COST AND VENTILATION RATE IN GROWING HEREFORD COWS. 
(Computed from EquaUons In Figs. ~ and 5) 
t Tbe beat productlon was computed 00 tile a.ssumptlon that OIM! liter of oxygen ha.s a heat equivalent of ~.8Z5 Calories. 
2 Surface area was compuie{l from Ihe equaHon, surface area In sq. melers .. O.tS /weight In iii,) 0.56. See Missouri 
Agr. Exp . sta. Res. Bul. 115, page 26. 
3 Computed on the asaumptlon that OIM! lb. TDN (total digestible nutrients) Is equivalent to t61~ cal. or one gm. of TDN 10 4 Cal. 
4 ComputaliOOll for these body weights are extrapolations beyond the range of actual data. 
---
TABLE 5 ••• PREDICTION TABLE FOR ·BASAL- ENERGY METABOLISM IN GROWING HEREFORD COWS. 
(Computed from equation In FIg. 4) 
1 The heat production was computed on the assumption thllt one liter 0( coo:ygen has a heat equivalent of 4.825 Calories 
2 Surface arel!. was computed from the equation, surface area In sq. !MIera .. 0.13 (weight In kg.) 0.56. See Miasoorl Agr . Ex. sta. Res . But. 115, p. 26. 
~ Computed on the assumption that one Ib,' TON \total digestible nutrienIG) Is equivalent to 1814 Cal. or one gm. of TDN to 4 Cal. 
(Resting ~etabolI8m) • !Sasal Metabolism) x 100 .. % of difference of ~basal- below resting; for example, 5004 _ 3336 x 100 .. 33 .3% 
CResUng Metabolism) 5004 
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